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Response of spontaneously hypertensive rats to 1,25(OH)2D3 in vivo.
Calcium absorption in spontaneously hypertensive rats (SHR) has been
reported to be increased, decreased or not different from their normo-
tensive Wistar Kyoto (WKy) control. One postulated reason for these
conflicting results is an abnormal sensitivity to the intestinal effects of
l,25(OH)2D3 (l,25D3). Previous studies in everted duodenal sacs and
perfused duodenum examined the acute response to 1,25D3 only in
12-week--old SHR, which however already had higher basal rates of
calcium absorption. Inability to stimulate Ca absorption further was an
unexciuded possibility. To test this hypothesis more vigorously, bal-
ance and in situ duodenal 45Ca uptake studies were performed in SHR
and WKy using four separate protocols yielding the following results.
First, in response to pharmacological doses of I ,25D3 (25 ng/100 g body
wt/day x 3), four—week—old normotensive female SHR had higher net
calcium absorption (41.4 vs. 31.1 mg/day; 61.6 vs. 48.1%), similar to the
increases seen in the untreated state. These results suggest intrinsic
epithelial differences independent of I ,25D3. Ca absorption was simi-
larly higher in 1,25D3 treated male SHR (42.9 vs. 36.7 mg/day; 60.1 vs.
53.7%). Second, at 12 to 14 weeks of age, low doses of 1,25D3 (8 ng/100
g body wt/day x 6) stimulated net Ca absorption in the female SHR
(33.0 to 39.1 mg/day), but not in WKy (26.8 to 29.3 mg/day). In the
male, positive effects were again seen only in the SHR (25 to 45
mg/day). Third, in response to three weeks of dietary Ca deprivation, in
situ duodenal 45Ca uptake, measured in the conscious awake state, was
higher in 35-week-old SHR (70.9 vs. 53.0%). Fourth, prior parathyroid-
ectomy did not abolish the accentuated response in duodenal 45Ca
uptake by l,25D3 treated SHR (85.4 vs. 69.4%). These data indicate in
viva hypersensitivity to 1 ,25D1 in the SHR, independent of hyperten-
sion and consistent with the postulate of intrinsic epithelial transport
abnormalities.
Conflicting results have been reported regarding calcium
absorption by the spontaneously hypertensive rats (SHR) com-
pared to their normotensive Wistar Kyoto (WKy) control [1—5].
The reasons for these discrepancies are unclear but they may be
related to differences in protocols, methodology, and dietary
intake of Ca, P or vitamin D. Measurements of serum
1,25(OH)2D3 (1,25D1) revealed no differences at 6 [41, 10 [41 and
12 weeks of age [3]. Reduced rates of calcium absorption by the
perfused duodenum were found in 12-week—old SHR, implying
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blunted responsiveness to endogenous 1,25D3. In response to a
single dose of 1 ,25D3 administered in vivo 21 hours earlier, 45Ca
uptake by the everted gut sac in vitro and 45Ca absorption by
the perfused duodenum of the SHR did not increase [1]. These
results were also consistent with a "relative lack of response"
to I ,25D3 in the SHR. However, the basal rates of 45Ca uptake
were already higher in the SHR, raising the possibility of tissue
tachyphylaxis and/or inability to increase further in these acute
experiments [1]. In addition, the effects of established hyper-
tension were not defined [1].
In contrast to these results, one recent study reported similar
rates of net intestinal calcium absorption and 45Ca uptake by the
unfilled everted gut sacs in 10-week—old animals, while their
serum I ,25D levels were comparable [41. These results are at
odds with the hypothesis of end organ resistance. In view of the
above reservations and the controversial nature of this issue,
we examined the in vivo response to 1,25D3 in WKy and age—
and sex—matched SHR before and during the early and later
stages of established hypertension. Results of these experi-
ments offer no support for the notion of resistance by the SHR
to the intestinal effects of I ,25D3 on calcium absorption.
Methods
Four protocols were carried out using SHR and WKy rats
raised by inbreeding similar rats originally purchased from
Charles River breeding laboratories (Wilmington, Massachu-
setts, USA). Births were coordinated to yield litters of identical
age by housing the dams in communal cages to synchronize
their estrus cycle. Unless otherwise stated, the following syn-
thetic rat diet (ICN, Cleveland, Ohio, USA) was used. The diet
contained per 100 g of food, 220 IU of vitamin D3, 0.87 g of Ca,
0.6 g of P, 1.1 g of Na and all other nutrients required for
growing laboratory rats.
Protocol 1: Response to exogenous 1,25D3 in young
normotensive SHR
Ninteen—day—old pups (N = 21 WKy and 27 SHR) were
weaned and acclimatized in individual small metabolic cages
specifically designed for 25 to 55 g animals. Simultaneously,
they were equilibrated on the synthetic diet. At 28 days of age,
before the development of high blood pressure in the SHR [1,
61, they were injected subcutaneously with l,25D3 (25 ng/100 g
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body wtlday) for three days and a metabolic blance study was
simultaneously carried out by methods previously described
7j. The gender of the rats was defined retrospectively as they
became physically more mature. Similar studies were per-
formed in 11 SHR and 14 WKy untreated rats at 28 days of age
to provide basal untreated data as time control.
Protocol 2: Response to exogenous 1,25D3 in 12- to
14-week—old SHR
Seven pairs of female SHR and WKy rats were studied. At 10
weeks of age they were housed in individual metabolic cages
and equilibrated on the synthetic diet. At 12 weeks of age, a Ca
balance study was performed as a baseline. They were then
injected subcutaneously with a low dose of I,25D3 (8 ng/l00 g
body wt/day for six days) while a similar balance study was
carried out. Eight pairs of male SHR and WKy rats, aged 14
weeks, were subjected to identical studies as the female to
evaluate if the response is gender—specific.
Protocol 3: Response to low calcium diet in SHR
Twenty—eight—week—old female SHR (N = 9) and WKy
controls (N = 11) were acclimatized in metabolic cages and
equilibrated on the synthetic diet containing normal amount of
Ca. At 32 weeks of age they underwent a five day balance
study. At the end of this study, they were offered a low calcium
diet (0.01% by analysis) by eliminating CaCO3 from the syn-
thetic diet. After two weeks of Ca deprivation, a balance study
was carried out for seven days, followed by the measurement of
in situ duodenal uptake of 45Ca in conscious rats after an
overnight fast, using techniques previously published 2, 81.
Briefly, under light ether anesthesia via a small abdominal
incision, the proximal 6 cm of duodenum was identified and the
distal end of the loop ligated. A proximal suture was loosely tied
around the pylorus. Next, 1.5 Ci of 45Ca (as CaCI2 from ICN)
was introduced into the duodenum in 0,3 ml of NaCI (100 mM)
containing 50 m of CaCl2 (pH adjusted to 7.4 with NaOH), via
a 31-gauge needle inserted through the stomach. An aliquot of
this injected material was saved for subsequent counting. The
proximal suture was quickly tied, the abdomen was closed and
the rat was allowed to recover from the ether (usually about 5
mm) in a plastic restraint cage. Rectal temperature was main-
tained between 36.5 and 37.5°C. Two hours after injection of the
isotopic Ca, the ligated duodenal sac was removed, weighed,
and digested in 10 ml of perchloric acid:nitric acid (1:1 mix-
ture). Two l of the digested gut sac and 2 !.d of the injectate
were counted in the liquid scintillation counter. The percent of
isotopes retained or unabsorbed was given by the ratio of the
counts for the digested gut sac to that for the original injectate,
multiplied by the dilution factor. The latter is given as the sum
of the gut weight in grams plus 10 divided by 0.3 ml. 45Ca uptake
was obtained by subtracting the fraction retained from 100%.
Protocol 4: Response to exogenous 1,25D3 after
parathyroidectomy
Twenty SI-IR and 12 WKy male rats were prepared as in
protocol Ill. At 35 weeks of age, they were parathyroidectom-
ized (PTX) under light ether anesthesia and then allowed to
recover. At 40 weeks of age, when weight gain was steady,
completeness of PTX was confirmed by fasting overnight and
No treatment
WKy 72.7(N=7)
SHR 77.3(N=5)
P value NS
1 ,25(OH)2D1 treatment
WKy 64.7(N= 14)
StIR 66.8
(N= 15)
P value NS
using serum calcium of <7.5 mg/dl [2j. Only rats so confirmed
(SHR N = 17; WKy N = 8) were used for the subsequent study.
At 44 weeks of age, rats were randomized to receive subcuta-
neous injection for four days of either I ,25D3 (25 ng/100 g body
wt/day) or the l,2-propanediol vehicle. On day 4, after an
overnight fast, in situ duodenal uptake of 45Ca was measured in
the conscious awake state as described in protocol III. At the
end of the experiment, blood was withdrawn from the abdom-
inal aorta for ionized calcium and pH.
Analyses
Calcium in ashed stool, diet, urine and serum was determined
by atomic absorption spectrophotometry as previously pub-
lished 2J. 45Ca was counted by a Packard liquid scintillation
counter. Absorption of isotopic Ca was expressed as the ratio of
the 45Ca having disappeared from the duodenal loop to the total
amount injected two hours previously 2J. Ionized calcium was
determined with an Orion Biomedical Analyzer (Orion, Cam-
bridge, Massachusetts, USA) and blood pH was determined by
Corning 158/pH blood gas analyzer (Corning, Midfield, Massa-
chusetts, USA). Data were subjected to statistical analysis by
Student's t-tests, using the paired or unpaired method as
appropriate. A P value of <0.05 was considered significant.
Data are presented as mean
Results
Protocol 1: Response to exogenous 1,251)3 in nor/flotensive
SHR
Body weight of untreated SHR (63 I g) and WKy (62 1
g) female rats were not different. Ca ingestion was also similar
(Table 1). Net Ca absorption was higher in the SHR, both in
absolute terms and expressed as a % of intake (Table 1). Ca
excretion was reduced in the SHR at this age 5]. The increased
intestinal absorption, simultaneous with the decreased renal
excretion, produced a greater Ca retention in the SHR, in
absolute terms or expressed as a percent of intake. Calcitriol
treatment did not alter body weights (SHR 58 1 g; WKy
61 1 g). Although 1 ,25D3 increased Ca absorption comparably
in SHR and WKy, the absorption rates remained higher in the
SHR. Urine Ca was augmented by I ,25D in both strains, but
Table 1. Response of four—week—old female SHR to I ,25D
Ingested Fecal
Ca Ca
ng/dav mg/day
Net Ca Urine Retained
Absorption Ca Ca
mg/day mg/day mg/day 94
22.0
2.8
32.1
3.5
<0.05
30.4 2.2 19.8
41.1 1.5 30.7
<0.05 <0.005 <0.05
50.7
3.1
45.2
3.0
NS
33.6
2.1
25.4
1.1
<0.00 1
27.7
3.4
39.6
3.7
<0.05
31.1 48.1 5.7 25.4 39
2.0 2.2 0.4 2.1 2
41.4 61.6 3.4 38.0 56
2.2 1.7 0.2 2.2 2
<0.005 <0.001 <0.001 <0.001 <0.001
Sensitivity of SHR to calcitriol 499
No treatment
WKy 74.6(N=7)
SHR 85.0
(N—6)
P value <0.05
I ,25(OH),D3 treatment
WKy 68.9(N=7)
SHR 71.2
(N= 12)
P value NS
48.7 25.2 34.7 2.16 23.8 30.9
2.5 2.0 2.1 0.09 2.0 2.4
48.2 36.8 43.2 1.43 35.4 41.7
3.3 2.6 2.9 0.21 2.5 2.4
NS <0.005 <0.05 <0.01 <0.005 <0.02
32.2 36.7 53.7 6.27 29.8 43.3
2.8 1.1 2.3 0.27 1.8 l.6
28.3 42.9 60.1 3.53 39.4 55.0
1.1 2.1 1.1 0.33 2.2 1.4
<0.05 <0.05 <0.01 <0.01 <0.02 <0.001
the lower excretion rate in SHR persisted. Consequently, Ca
retention remained higher in the SHR during l,25(OH)2D3
treatment.
Similar results were obtained in the male rats (Table 2). The
body weights of untreated rats were similar (65 2 vs. 64 1
g). The male SHR also absorbed more Ca but excreted less Ca
than the male WKy control, which led to a greater Ca retention.
Calcitriol treated male rats were comparable in weights (60 1
vs. 56 2 g). Although Ca absorption was increased by l,25D3
in both strains, the rate remained higher in the SHR. Ca
excretion was increased by calcitriol, but again, the hypocalci-
uria in the SHR persisted (Table 2). Consequently, in
l,25(OH)2D3 treated male rats, retention of Ca remained ele-
vated in the SHR. Since pharmacological doses of l,25D3 were
used, the differences in absorption rates most likely reflected
intrinsic epithelial abnormalities rather than possible differ-
ences in serum 1 ,25D3.
Protocol 2: Response to 1,25D3 in 12- to 14-week—old SHR
The body weight of the SHR and WKy female control was
similar (179 3 vs. 180 2 g). Food consumption, and
therefore Ca ingestion by the SHR, tended to fall during l,25D3
injection (97.4 3.9 vs. 106.7 4.1 mg/day P = NS). In the
WKy rats, calcium intake was not altered by l,25D3 treatment
(93.9 3.2 vs. 94.7 3.8 mg/day). Fecal elimination was
reduced by calcitriol in the SHR (58.3 2.4 vs. 73.7 3.1
mg/day), but not in the WKy control (64.2 + 2.2 vs. 67.9 4.4
mg/day). Accordingly, net absorption was increased by 1 ,25D3
in the SHR (33.0 1.8 to 39.1 1.8 mg/day or 30.9 1.2 to
40.2 1.7% of intake), but not in the WKy (26.8 6.5 to 29.3
2.9 mg/day or 27.3 6 to 27.4 2%) (Fig. 1). Expectedly,
administration of l,25D3 also increased calcium excretion in
both the SHR (1.1 0.2 to 8.0 2.2 mg/day) and WKy control
(3.9 0.6 to 12.8 1.0 mg/day) (Fig. 2). Calcium balance was
unchanged in either the SHR (31.1 2.0 vs. 31.8 1.6mg/day
and 32.1 2.3 vs. 29.9 1.1% of the intake) or their WKy
control (16.5 2.1 vs. 22.9 6.4 mg/day and 17.4 2.0 vs. 18.7
4.6% of the intake) (Fig. 3). The differences between SHR
and WKy in Ca excretion and in Ca balance were essentially
unaffected by l,25D3 treatment.
Basal 1 ,25(OH)2D3 asaI 1 ,25(OH)2D3
Fig. 1. Effectof 1,25D3 on net intestinal absorption of calcium by SHR(N = 6) and WKy rats (N = 5). Symbols are (S—•) SHR; (0--a) WKy.
The response of the male rats (Table 3) essentially paralleled
that of the female. In the basal period, Ca absorption and
retention were similar, whereas Ca excretion was lower in the
SHR. Low doses of calcitriol elicited an increase in Ca absorp-
tion and retention in SHR, but not in WKy rats (Table 3).
Protocol 3: Response to a low calcium diet
There was no difference in body weight between the SHR and
WKy control (222 5 vs. 216 4 g). Net Ca absorption by
Table 2. Response of four—week--old male SHR to 1 ,25D3
Ingested Fecal Net Ca
Ca Ca Absorption
mg/day mg/day mg/day %
Urine Retained
Ca Ca
mg/day mg/day %
50
E
50
40
30
20
0
40
p<O.O2
30
20
P<0.001
NS1NS.
E
15
10
5-
0-
/ //
P<0.01Ac//
P>,,
Basal 1,25(OH)2D3
Fig. 2. Effect of],25D3 on urinary calcium excretion by SHR (N 6)
and WKy rats (N = 7). Symbols are the same as Figure 1.
40
30
20
10
0
NS
P<0.001
40
30
20
10
0
NS
P<0.05 P<0.001
- - - NS
--
Basal 1 ,25(OH)2D3 Basal 1 25(OH)2D3
Fig. 3. Effect of 1,25D3 on external calcium balance in SHR (N = 6)
and WKy rats (N — 7). Symbols are the same as Figure 1.
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P < 0.05 vs. basal within a given strain.
Table 4. Intestinal calcium absorption
Normal Ca diet (0.87%) Low Ca Diet (0.01%)
Ingested Fecal Net Ca Ingested Fecal Net Ca
Ca Ca absorbed Ca Ca absorbed
mg/day mg/day ng/day % ing/du.v mg/day mg/day %
Wky 97.0 93.2 3.8 3.0 1.21 4.19 —2.98 —247(N = II) 2.4 2.2 2.1 0.4 0.02 0.23 0.24 20
SHR 104.1 89.7 14.4 13.5 1.30 4.18 —2.89 —223
(N = II) 3.2 4.1 4.3 4.1 0.02 0.17 0.16 12
P value NS NS <0.05 <0.05 <0.05 NS NS NS
these adult rats fed a normal calcium diet was slightly higher in
the SHR. On a low calcium diet, fecal elimination of calcium
greatly exceeded the small amount of calcium ingested by either
the SHR or the WKy control, consistent with previous obser-
vations in older laboratory rats similarly Ca deprived [9]. This
small amount of negative Ca absorption has been attributed to
secretion by the jejunum [10]. To specifically examine the
response by SHR to the low calcium diet, we studied in situ
45Ca uptake across the duodenum, an important l,25D3 sensi-
tive segment. Duodenal 45Ca uptake in SHR was higher com-
pared to WKy controls (70.9 8.0 vs. 53.0 3.0%, P < 0.05).
Protocol 4: Response to exogenous 1,25D3 after
paraihyroidecimny
To eliminate the confounding effects of changes in serum
I ,25D3, possibly due to differences in cumulative Ca retention
and in PTH, duodenal 45Ca uptake was measured in PTX rats
(Table 4). Both SHR and WKy rats took up more 45Ca following
the injection of 1,25D3. Similarly, ionized calcium was in-
creased by l,25D3 in both strains. Vehicle treated SHR tended
to absorb more Ca than WKy controls, although the difference
was not statistically significant. However, in the stimulated
state, SHR absorbed more Ca than the WKy controls.
Discussion
The present study indicates that in vivo calcium absorption is
either normal or increased in the SHR in response to l,25D.
This conclusion is based on the results of the four experiments.
First, net Ca absorption, measured by the balance technique,
was found to be increased in the SHR regardless of gender
(Tables I and 2). Pharmacological doses of 1,25D3 as we had
used here ought to eliminate any possible differences in serum
I ,25(OH)2D3 level that might conceivably be present at this age.
Thus, the enhanced absorption rates in the treated SHR should
reflect intrinsic differences.
Second, at 12 to 14 weeks of age, SHR but not the WKy rats,
increased net Ca absorption during treatment with low doses of
1,25D, a response quite different from that of other regular
laboratory rats fed a D replete diet. '1his rather unique response
in the SHR again suggests hypersensitivity.
Third, Ca deprivation is expected to stimulate endogenous
synthesis of 1 ,25(OH)2D3 [11]. Although the low Ca diet pre-
vented the expression of hyperabsorption in the SHR, as
measured by the balance techniques (Table 4), increases in 45Ca
uptake were easily demonstrable across the duodenum, a major
target segment for l,25(OH)7D3. The enhanced Ca uptake by
the SHR further supports the notion of an increased sensitivity
in the SHR, if future measurements showed no differences in
serum levels of l,25(OH)2D1.
Fourth, the variable results on Ca absorption [1—5] could be
due to negative feedback via suppression of PTH and I ,25D3 by
the cumulative increases in Ca balance [2, 5]. We therefore also
studied the response to l,25D3 in parathyroidectomized rats to
eliminate any potential compensatory changes on absorption.
The tendency for a greater duodenal 45Ca uptake by the SHR in
the basal phase became statistically significant after treatment
with I ,25D3 (Table 4), further corroborating the results in the
parathyroid intact state (Protocols 1, 2 and 3).
Plasma levels of 1 ,25D have previously been found to be
similar between SHR and WKy rats at 6, 10 [4] and 12 weeks of
age [3]. Since Schedi et at 13] found decreased duodenat
absorption in 12-week—old SHR using the in vivo perfusion and
in vitro everted gut sac techniques, they inferred a relative
resistance of the small intestine to the action of I ,25D. But no
direct evaluation with 1 ,25D3 administration was performed.
The observation of a lack of response to exogenous 1 ,25D in
the SHR was first made by Toraason and Wright [I], who
evaluated Ca absorption in 12-week—old SHR by the techniques
of everted duodenal sacs and in situ duoderial perfusion. The
discrepancies between their and our results could not he due to
differences in age or gender, because a similarly accentuated
response was found for both sexes in at least three separate
protocols and at four different age groups (4, 12 to l4, 32 to 35
and 44-weeks—old). Three more plausible explanations, how-
ever, should be considered. First, in the previous study, the
basal Ca absorption rate was already increased in the SHR,
raising the possibility that the duodenal tissue was unable to
increase further 21 hours following a single injection of l,25D1,
especially when measured by the serosal:mucosal 45Ca ratio
across the everted duodenal sac. Second, the balance tech-
niques used in our protocols I and 2 do not dissociate the
Table 3. Response of 14-week—old male
Net Ca Absorption
mg/da' %
Basal I ,25D3 Basal
24 27 20.1
25 45 20.6
NS <0.01 NS
rats to
I ,25D3
24.4
34.9"
<0.05
calcitriol (l.25D-)
Urine Ca
mg/day
Basal I ,25D-4
2.3 9.9
1.3 6.3"
<0.03 <0.01
mg/day
Basal I ,25D
21.7 17.1
23.8 38.2"
NS <0.005
Ingested Ca
mg/day
Basal I ,25D
Fecal Ca
mg/day
Basal I ,25D3
96 84
97 82"
NS NS
WKy(N=8)
SHR
(N=8)
P value
120 III
121 127
NS <0.05
Retained Ca
Basal I ,25D
18.1 15.4
19.8 29.8
NS <0.005
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proximal duodenum from the remaining small and large intes-
tines. Physiologic or pathophysiologic modifications by the
more distal segments could accentuate or abolish subtle
changes in the duodenum. Finally, we injected three to four
doses of calcitriol, including one given a few hours before the in
situ duodenal 45Ca uptake studies. It is possible that the acute
injection superimposed on the chronic administration could
have produced a more consistent or demonstrable effect. Nev-
ertheless, only additional and specific studies would establish if
any of these theoretic considerations is valid.
The experiments reported here do not resolve the issue of the
precise direction of changes in basal Ca absorption seen in the
SHR without exogenous 1 ,25(OH)2D3 treatment. Data gener-
ated by balance techniques and in situ duodenal uptake studies
in our present and previous investigations [2, 51 suggest in-
creased basal rates of net Ca absorption. This was observed in
both the female and male SHR, at 25th [51 through 34th days of
age (Tables 1 and 2), and in female at 26th [2], 32nd (Table 4),
and 48 weeks of age [21. Fifty—week—old male SHR also
absorbed more Ca than age—matched WKy [21, whereas 10-
week—old male SHR paradoxically malabsorbed Ca [2]. In
12-week—old female (Fig. 1) and 14-week—old male SHR (Table
3), net Ca absorption was not different from the WKy control
before exogenous 1 ,25(OH)2D3 treatment. Our latter findings
were confirmed by some [3, 4, 121 but not all laboratories [1],
since Ca absorption rates in the SHR have been reported to be
reduced at 5th, 12th and 14th weeks of age [3, 12], comparable
at 6th to 10th weeks [4], or even increased at 5th and 12th weeks
of age [1].
Two potential sources for these divergent results should be
considered, one of which is suggested by the present experi-
ments. The altered intestinal sensitivity to l,25(OH)2D3 in the
SHR raised the possibility that the direction of changes in
absolute Ca absorption by the SHR may actually depend on
some function of the vitamin D status. In other words, the linear
regression relating Ca absorption and vitamin D status for the
SHR may intersect that for WKy, but it has a steeper slope,
with the line below that of WKy at low to normal vitamin D
store or I ,25D3 levels, but above that of WKy at high vitamin D
levels.
Under the influence of high circulating levels of 1 ,25(OH)2D3,
as produced endogenously by Ca deprivation or by exogenous
calcitriol injections (protocols 1, 2 and 4), the altered sensitivity
in the SHR would be expressed as increased Ca absorption
(Fig. 1, Tables 2, 3, 5) even though the concentrations of
vitamin D or metabolites would be similar. Conversely, at low
though similar circulating levels of l,25(OH)2D3, as produced
by adequate but marginally low intake of vitamin D, the altered
sensitivity could manifest as reduced Ca absorption compared
to the WKy control. In the three experiments which revealed
reduced absorption rates in the SHR ([3, 121 and 10-week—old
male SHR of our work, [21) all the animals had been adapted for
between four and 11 weeks to a diet containing per g only 2.2 to
3.3 units of vitamin D. Though considered adequate, these
values are far lower than the 5.6 units normally present in
"regular laboratory rat chow" [21 used by our and other
laboratories [I], which reported increased Ca absorption in the
SHR. Indeed, except for the 10-week—old males, all five of our
earlier experiments [2] were conducted in rats previously cx-
Table 5. In situ 45Ca uptake in response to 1,25D3 in
parathyroidectomized rats
45Ca uptake
%
Vehicle l,25D3
Ionized Ca
(mg/dl)
Vehicle l,25D3
pH
Vehicle l,25D3
WKy 30.2 69.4a
2.0 4.5(N = 3) (N = 4)
3.2 54
0.1 0.4
(N 4) (N 4)
747
0.01(N = 4)
7.46
0.02(N = 4)
SHR 45.5 85.4a
5.0 4.2(N=9) (N=7)
33 59
0.3 0.2(N=9) (N=8)
7.46
0.01(N=9)
7.45
0.01
(N=8)
P value NS <0.05 NS NS NS NS
a P < 0.001 vs. vehicle.
posed to this high vitamin D chow for 14 to 35 weeks. Even the
3- to 4-week—old male and female rats in our present (Tables 1
and 2) and previous studies [51 had, in essence, been adapted to
a high intake of vitamin D, typically provided for pregnant rats
and lactating dams.
In contrast, in rats raised and fed the synthetic diet from
weanling at three weeks to the time of studies at 10, 12 or 14th
weeks of age, their absorption characteristics were conditioned
by the synthetic diet rather than by the regular rat chow, which
they had shared directly or indirectly with their mothers in the
neonatal period. Clearly, such an explanation is speculative,
but its validity can be tested.
The second potential source for the existing controversy may
be tissue heterogeneity. For example, Toraason and Wright
perfused the first 8 cm of the "duodenum" in 12-week—old rats
[11, as opposed to the first 20 cm employed by Schedl and
co-workers [31. In the smaller, 5-week—old rats, the former
group also employed, for the everted gut sac experiments, a
shorter segment of the most proximal small intestine (5 vs. 8cm
by the latter group) [1, 31. Similarly, by restricting our in situ
uptake studies to only the first 6 cm of the duodenum in even
bigger and older rats (26 weeks [2], 35 and 44 weeks (protocol 3
and 4), we observed a consistently higher value in the SHR.
Inclusion of variable lengths of the ileal segment could influence
results on transport, since in this segment only net Ca secretion
has been consistently observed in the unstimulated state [10].
In this regard, the only other study demonstrating reduced Ca
absorption by the SHR utilized an intestinal segment which also
included the jejunum [12]. Indeed, it is difficult to comprehend
the complete absence of net Ca absorption by the proximal
small intestine derived from 12- to 14-week—old growing rats
that were previously fed a vitamin D replete diet, unless one
invokes offsetting events between the duodenum and jejunum.
After all, the disappearance of net Ca transport by the duode-
num in such young growing rats has rarely, if ever, been
reported in the literature. Systematic analysis of intestinal Ca
transport in well—defined gut segments will be needed to eval-
uate this second potential source of the conflicting in the
literature.
In summary, our data do not support the notion of intestinal
resistance to the effects of 1 ,25D3 in the SHR. In contrast, they
suggest an enhanced in vivo sensitivity by SHR in both the
normotensive and hypertensive phases.
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